To probe into the changes induced by infrasonic exposure on the methylation status of the genome in testes and underlying mechanisms, we inspected the percentage of unmethylated CpG sites (an index for DNA methylation level) and DNA methyltransferase activity in testes of SD rats exposed to infrasound of 8Hz at 90dB or 130dB for 1, 7, 14 and 21 days (2h/d). Compared to control groups at the same time points, significantly decreased DNA methylation level and methyltransferase activity were observed in all but experimental groups of ld and 21d at 90dB (p<0.05). Compared to 90dB groups at the same time points, DNA methylation level and DNA methyltransferase activity at 130dB decreased more significantly (p<0.05). The patterns of dynamic changes on the percentage of unmethylated CpG sites and methyltransferase activity at 130dB were different from those at 90dB. The results indicated that infrasonic exposure induced epigenetic changes in testes of rats, which depended on parameters of infrasonic exposure.
INTRODUCTION
Infrasound is ubiquitous in modern life, and can induce harmful bioeffects. Although it has been reported that testes of rats or mice are sensitive to infrasound 1,2 , few investigations involve epigenetic changes in testes after exposure to infrasound. In this paper, we investigated changes in the percent of unmethylated CpG sites and DNA methyltransferase activity to try to discover the relationship between infrasound and epigenetics, which will provide theoretical basis for protection against infrasound.
METHODS 2.1 Experimental animals
72 male Sprague-Dawley rats (10 weeks old, weighting 260±10g) obtained from the Center of Experimental Animal studies in the Fourth Military Medical University (Xi'an, China) were maintained with food and water available ad libitum in an airconditioned room (12/12h light/dark cycle at a temperature of 23±2°C and a relative humidity of 60±5%). Acclimatized for 5 days, the rats were randomly divided into 8 experimental groups (4 groups for 90dB and 130dB, respectively) and 4 control groups (6 rats per group). Before being sacrificed, the experimental groups were exposed to infrasound of 8Hz at 90dB or 130dB in the infrasonic chamber for 1, 7, 14, 21 days (2h/d) respectively, whereas the control groups experienced the same condition without infrasonic exposure. The testes of rats were excised, frozen immediately in liquid nitrogen, and stored at -80°C for subsequent DNA isolation. All procedures involving rats were carried out according to the European Convention for the Protection of Vertebrate Animals Used for Experimental and other Scientific Purposes (Strasbourg, 18 March 1986) as well as related secondary and supplementary legislation.
Determination of the total percentage of methylated CpG sites in DNA
Genomic DNA was isolated from frozen testes by digestion with proteinase K, followed by standard phenol/chloroform extraction and ethanol precipitation. A radiolabeled [ 3 H]-dCTP extension assay was applied to evaluate the level of global DNA methylation as described previously 3 . 1µg of genomic DNA was digested with 20U of methylation-sensitive Hpa II restriction endonuclease (New England Biolabs, Beverly, MA) for 16h at 37 °C. A second DNA aliquot (1µg) was digested with methylation-insensitive isoschizomer Msp I which cleaves DNA regardless of methylation status. Undigested DNA served as background control. The single nucleotide extension reaction was performed in a 25µl reaction mixture containing 1.0µg DNA, 1xPCR buffer II, 1.0mM MgCl 2 , 0.25U AmpliTaq DNA polymerase, 0.1µl of [ 3 H]-dCTP (57.4 Ci/mmol) and incubated at 56 °C for 1 h. Samples were applied to DE-81 ion-exchange filters and washed three times with 0.5M Naphosphate buffer (pH 7.0) at room temperature. The filters were dried and processed for scintillation counting. The [ 3 H]-dCTP incorporation into DNA was expressed as mean disintegrations per minute (dpm) per microgram of DNA after subtraction of the dpm incorporation in undigested samples (background). The absolute percent of double stranded unmethylated CpG sites was calculated as (dpm incorporation after Hpa II )/(dpm incorporation after Msp I )x100% .
Determination of DNA methyltransferase activity
DNA methyltransferase activity was measured by incubating 10µg of protein lysate with 1,ug poly(dI-dC)-poly(dI-dC) (Amersham Biosciences, Piscataway, NJ) and 3µl of S-adenosyl-L(methyl-3 H) methionine (78.0 Ci/mmol) (NEN, Boston, MA) for 120min at 37 °C. The reactions were stopped, and DNA template was purified by phenol/chloroform extraction and ethanol precipitation. Pellets were resuspended in 30µl of 0.3 M NaOH, incubated for 60 min at 37 °C, spotted on DE 81 ionexchange filter, and processed for liquid scintillation counting. Results were expressed as the mean disintegrations per minute per microgram of protein. Parallel reactions were carried without DNA or without protein lysates and background dpms were subtracted from the experimental values.
Analysis of statistics
Results are presented as mean ± S.E.M. Statistical analyses were conducted by twoway ANOVA. P values less than 0.05 were considered statistically significant.
RESULTS

Changes in the percentage of unmethylated CpG sites in testes of rats
The percent of unmethylated CpG sites in the control groups have not changed over the period of 21 days in spite of mild fluctuation. There were significant differences in the percentage of unmethylated CpG sites between all but the ld and 21d experimental groups at 90dB and control groups at the same points p<0.05). The mean percentage of unmethylated CpG sites in 130dB groups was significantly higher than those of the 90dB groups at the same time points. The pattern of dynamic changes in the percent of methylated CpG sites at 90dB was different from that of the 30dB groups. With prolonged exposure, the increased percent of unmethylated CpG sites (maximum at 7d) of the 90dB groups began to recover
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slowly though still a little higher than that of the control at the same time points, whereas the one of the 130dB groups continued to increase slowly (Fig 1) .
Figure 1
The absolute percent of unmethylated CpG sites in DNA isolated from testes of control and experimental rats (n=6, mean±S.E.M): (a) significantly different from control at the same time point; (b) significantly different from the groups exposed to 90dB at the same point.
DNA methyltransferase activity in testes
There was no statistical difference in DNA methyltransferase activity among the control groups. Significant difference was determined in DNA methyltransferase activity between experimental groups (except ld and 21d groups exposed to the infrasound of 8Hz at 90dB, whose DNA methyltransferase activity shows no statistical difference from the control at the same time points) and the control groups at the same time points. The mean DNA methyltransferase activity in the l30dB groups was significantly lower than that of the 90dB groups at the same time points (p<0.05). Similarly, the pattern of dynamic changes in DNA methyltransferase activity of 90dB was different from that at 130dB. With prolonged exposure, the decreased DNA methyltransferase activity (minimum at 7d) of the 90dB groups began to recover slowly though still a little lower than that of control, whereas the one of 130dB groups continued to decrease slowly (Fig 2) .
Figure 2
DNA methyltransferase activity in the testes of control and experimental rats (n=6, mean±S.E.M): (a) significantly different from control at the same time point; (b) significantly different from the groups exposed to 90dB at the same point.
DISCUSSION
More and more infrasonic sources have emerged with the development of modern industry, which could be harmful to humans in some conditions. It has been reported that infrasound (especially at 8Hz) exposure could induce toxicological effects in some systems 4, 5 . Although there have been several pilot studies at infrasonic bioeffects on testes, in which the ultrastructural changes of testicular cells and dysfunction of reproduction were observed 1,2 , some epigenetics effects such as changes of DNA methylation in testes are still unknown. DNA methylation is a fundamental determinant of chromatin structure with potent suppressive effects on gene expression, which occurs at the 5 position of the cytosine ring in the context of CpG dinucleotides and is catalyzed by DNA methyltransferases in mammals. The mechanisms maintaining methylation patterns are sensitive to both exogenous and endogenous influences, and the resultant changes in methylation patterns can have profound effects on cellular function 6 . Accumulation of unmethylated CpG sites in DNA is a threat to genomic integrity and the maintenance of a minimal level of DNA methylation is essential for cell survival 7 .
To determine the absolute percentage of methylated HpaII sites in DNA, we used the HpaII/MspI-based cytosine extension assay in this experiment, which measured the proportion of CpG that had lost methyl groups on both strands. It was found that the percentage of unmethylate CpG sites increased after exposure of infrasound, especially significantly in 130dB groups. Because the vast majority of the frequently occurring HpaII tetranucleotide recognition sequences are constitutively methylated in vivo, an increase in cleavage at HpaII sites is an indicator of genomewide hypomethylation.
DNA methyltransferase activity in testicular tissues of rats was determined to investigate the mechanisms of the events above. It was found that DNA methyltransferase activity decreased after exposure to infrasound (especially significantly for the 130dB groups).The decrease of methylation level is parallel to DNA methyltranferase activity, so we propose that the mechanical energy of infrasound was absorbed through biological resonance and turned into biochemical energy which disturbed the DNA methyltranferase activity and then resulted in DNA hypomethylation in testes of rats.
Taking into consideration the continual increase in the percentage of unmethylated CpG sites at 130dB, we presume that a progressive accumulation of double-stranded unmethylated CpG sites occurred in the testicular genome of rats treated with prolonged exposure to infrasound at 130dB. Based on the phenomenon of some recovery in the percentage of unmethylated CpG sites and methyltransferase activity with prolonged exposure at 90dB, we believed that some adaptability had been induced at 90dB. DNA methylation level and DNA methyltransferase activity of 130dB were affected more profoundly than those of 90dB, because some recovery was found in 90dB groups other than 130dB ones with prolonged exposure and there were significant differences on the percentage of unmethylated CpG sites and methyltransferase activity between 90dB and 130dB groups at the same time points.
In a word, infrasound exposure did induce changes in the DNA methylation status of testicular tissues in this experiment, which depended on parameters of the infrasonic exposure, and further investigation is needed.
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